Abstract. -The spin wave stiffness constant D of BCC iron is calculated within the spin density functional theory and the local density approximation. The electronic structure is described by the linearized muffin-tin orbital method within the atomic sphere approximation. The result obtained is in excellent agreement with experiment.
Introduction
The spin-wave stiffness constant D of a ferromagnet is a ground-state property which is directly related to the static transverse spin susceptibility [I] . Hence it may be calculated exactly, at least in principle, within the spin density functional (SDF) theory. Explicit analytical expressions for D have been derived [I-41 within the local spin density approximation (LSDA) to the exchange and correlation potential. Callaway e t al. 141 used this approach with the choice of the local potential of von-Barth and Hedin [5] to calculate D for pure FCC Nickel. The result they have found is in remarkable agreement with the neutron scattering experimental value of Mook et al. [6] . As pointed out by Callaway e t al. [4] , such close an agreement is surprising since the local potential they have used overestimates the exchange splitting A between the up and the down spin d-bands of Ni. Actually, recent work by Edwards and Muniz [7] indicates that for such a value of A one would expect a larger theoretical value for D. As a matter of fact, a recent neutron scattering experiment [8] which carefully analyses the small-q region obtained D = 395 f 20 mevA2 for Ni, which is substantially lower than the value measured by Mook et al. [6] ( D = 555 mevA2). However, with regard to pure BCC iron, the existing theoretical bandbased calculations of D are based on the parametrised tight-binding formalism 19-111. In spite of the relative success of these calculations, Muniz et al. [ll] have pointed out that, within the tight-binding approximation, D in pure BCC Fe is sensitive to details of the band structure, and that hybridisation between the d and sp electrons is essential to secure proper stability of the ferromagnetic ground state 1121. They have raised the question of whether this sensitivity would be a red effect or mainly due to an inadequacy of the tight-binding description of the hybridisation effects, specially in what concerns the matrix elements of the momentum operator implicit in these calculations. The importance of a first principle SDF calculation of D which avoids the tight-binding parametrisation becomes therefore evident. The purpose of the present work is to carry out such a calculation for pure BCC Fe. The expression for D which we use is essentially the local SDF one previously used by Callaway et al. [4] in their calculations for pure FCC Ni, namely where Here Inka) and Enko are eigenfunctions and eigenvalues of the Kohn-Sham single-particle equations, and are labelled by a band index n, wave vector k and spin a. Nnku are the corresponding occupation numbers, Nt and Nl are the total number of electrons with f and 4 spin; EF is the Fermi energy, p is the momentum operator, m is the electron mass, and a+ is the usual spin raising operator. This expression neglects local field effects of the type discussed by Edwards and Rahman [3] which are, nevertheless, expected [3] not to be too important for elemental ferromagnets such as Fe and Ni. The first two terms inside the curly brackets in equation (1) have been rewritten [7] according to equation (2) to avoid the use of a quadratic interpolation to evaluate the corresponding terms involving v2EnkU in equation (3.7) of Callaway et al. [4] . In equation (2) R is the volume of the crystal and the integral over constant energy E may be performed rather easely by the linear analytic tetrahedron method 113, 141.
Method of calculation a n d results
The evaluation of the equation (1) energies and wavefunctions, which may be obtained by one of existing standard techniques. Research in the last decade has shown that a reliable description of the ground state properties of metals may be achieved using linear methods of band theory. Those methods provide rather accurate results and are computationally very fast. One which has been mostly used recently, is the linear muilin-tin orbital(LMT0) method of Andersen 1151. The fact that the basis functions in this method are energy independent simplifies considerably the overall bandstructure calculation. In particular, within the atomic sphere approximation (ASA), the calculation of the momentum matrix elements which appear in equation (4) becomes rather straightforward [16] , and is essentially reduced to the evaluation of a few radial integrals. In the present work we have used the LMTO-ASA method to describe the electronic structure of BCC Fe. Energies and wavefunctions were obtained by a self-consistent spin-polarized calculation using the von Barth-Hedin local potential, and only the 3d, 4p, and 4s states are treated as band electrons. In evaluating the formula for D, the k-space integrations were performed by the linear analytic tetrahedron method 113, 141 with 819 kpoints in the irreductible part (1148 th) of the Brillouin zone. Our calculations were performed for the equilibrium lattice constant a0 = 5.27 a.u. of pure BCC Fe, as determined by Moruzzi et al. [ l q . The value of the magnetic moment m,uB per atom is found to be mFe = 2.12. Our result is Dpe = 296 mevA2 which is in very good agreement with the neutron scattering value (D = 314 mevA2) obtained by extrapolation to zero temperature by Stringfellow [18] .
